ABSTRACT -The objective of this work was to evaluate yield and average fruit weight of strawberry cultivars Albion, Camarosa, Festival and Oso Grande, in two closed hydroponic systems (gutters and grow bags), using coconut fibre as substrate. The experimental design was of randomised blocks, divided into strips, with five replications. The hydroponic systems did not differ significantly as to yield, with advantages, such as savings in water and fertilizer and reduced environmental impact, over open systems. The most productive cultivar was Festival, followed by Oso Grande, with average yields of 6.99 kg m -2 and 5.56 kg m -2 respectively. The cultivars with the greatest fruit weight were Oso Grande and Albion, having averages of 11.8 and 11.1 g respectively, with the former being significantly superior to the latter. The highest yield (7.4 kg m -2 ) was obtained from the cultivar Festival under the gutter system. The Ibiapaba region has conditions which are favourable to strawberry production in relation to precocity (harvesting starts in the 6th week of growth) and production continues throughout the year; however there is a need to test new cultivars and to improve the cultivation techniques with an aim to producing larger-sized fruit.
INTRODUCTION
Growing strawberries has aroused the interest of farmers of the Serra da Ibiapaba region of the state of Ceará, Brazil (CE) . This is due to the low incidence of pests and diseases, and the consequently lower production costs compared to the traditional growing areas in the South and Southeast, in addition to the good prices obtained in regional markets. The system employed for strawberry production in the Ibiapaba region follows practices used in the Southeast, especially planting the cultivar Oso Grande in the soil, in beds covered with plastic mulch and tunnellike protective structures during the rainy season.
There are limitations when cultivating strawberries in the soil related to the prohibition of chemical fumigants for the control of phytopathogens and to the ergonomic difficulties of cultivating the plants on the ground surface, both of which have hampered the recruitment of manpower (GODOI et al., 2009 ).
Soiless growing systems in protected environments are said to be the trend for cultivation of the strawberry. When cultivation is carried out on benches above ground level, the job is easier and less unhealthy, the use of fumigant soil products is eliminated and there is a reduction in the occurrence of leaf diseases and consequently in the application of pesticides. Furthermore, there is an improvement in fruit quality, both sensory and from the point of view of chemical and microbiological contaminants (EMPRESA BRASILEIRA DE PESQUISA AGROPECUÁRIA, 2005) .
It is however necessary to evaluate the real potential of soilless cultivation techniques for the strawberry, in relation to yield and to crop management, adapting techniques of hydroponic cultivation to tropical and subtropical conditions (FURLANI; FERNANDES-JÚNIOR, 2004) . Because of this, some studies have been carried out in Brazil using hydroponic systems, such as NFT (COSTA; LEAL, 2008; FERNANDES-JÚNIOR et al., 2002) , or using substrates (CALVETE et al., 2007; COSTA; LEAL, 2008; FERNANDES-JÚNIOR et al., 2002; GODOI et al., 2009; RADIN et al., 2011) .
Hydroponic systems can be closed, when the nutrient solution that passes through the roots returns to the reservoir, or open where the applied solution does not return to the reservoir (FERNANDES-JÚNIOR et al., 2002) . Currently the predominant systems are open systems with drainage-loss of the nutrient solution, and cultivation in pots or bags using different substrates. However, due to economic and environmental issues, the trend is toward cultivation using a substrate in a closed system, with recirculation of the nutrient solution (LIETEN et al., 2004) .
There is a need to develop systems that combine high yield with fruit quality, low cost and low impact on the environment. The systems to be developed should be of the closed type, using affordable substrates which are available in the region (GIMENEZ; GODOI, 2008) . Closed hydroponic systems, using carbonised rice hulls as substrate have been successfully tested for strawberry cultivation by Godoi et al. (2009) in southern Brazil.
In the northeast of Brazil coconut fibre is one of the more-available substrates. Coir is widely used as a substrate in the soilless cultivation of vegetables and flowers because of its physical and chemical characteristics, such as excellent porosity, lack of reaction to the nutrients from fertilization, long durability without alterations in its physical characteristics, the possibility of sterilisation and being an abundant and renewable raw material of low cost (CARRIJO; LIZ; MAKISHIMA, 2002) .
This work aimed to evaluate the yield and average fruit weight of four strawberry cultivars under two closed hydroponic systems (gutters and grow bags), using coconut fibre as substrate, and to determine the crop water use efficiency.
MATERIAL AND METHODS
The experiment was carried out from May 2012 to February 2013 on private property located in Ibiapina, CE (latitude 3°58' S, longitude 40º52' W, at an altitude of 920 m). The maximum daily temperatures at the site vary from 26 to 32 ºC, while the minimum daily temperatures range from 15 to 20 ºC.
The treatments consisted of two closed hydroponic systems (gutters and grow bags) and four strawberry cultivars (Albion, Camarosa, Festival and Oso Grande), comprising a 2 x 4 factorial. An experimental design of randomised blocks was used, divided into strips, with five replications. The growing systems were arranged in the strips with the strawberry cultivars arranged in the plots. Planting was done on 23 May 2012 using bare-root seedlings. Strawberry crop management was carried out following the recommendations of Bortolozzo et al. (2007) . Stolons and aging leaves, or those presenting symptoms of disease, were removed weekly. Pests and diseases were controlled chemically as needed.
The nutrient solution recommended by Furlani and Fernandes-Júnior (2004) was used for fertigation. Application was by means of a recirculation system in which the solution was pumped from a fiberglass r e s e r v o i r w i t h a c a p a c i t y o f 5 m 3 , and applied by dripping (one emitter per plant, at a flow rate of 2 L h -1 ). Irrigation pulses with a duration of 5 min were applied (at a volume of 0.17 L per pulse per plant). The daily number of pulses ranged from one per day in the first days after transplanting the seedlings, to a maximum of six pulses per day from 110 days after transplanting (DAT). Volumes of nutrient solution in excess of the retention capacity of the substrate were collected from the gutters and grow bags with PVC pipes, and driven by gravity back to the reservoir. Every 15 days the remaining nutrient solution in the reservoir was discarded and replaced with fresh solution. Table 1 shows the maximum and minimum values for pH and electrical conductivity (EC) of the nutrient solution measured during the experiment. For strawberry soilless cultivation, EC values of around 1.4 dS m -1 are indicated to obtain high yield and fruit quality (PARANJPE et al., 2003) .
Harvests were held twice a week from 5July 2012 (43 DAT) to 22 February 2013 (275 DAT) . For each harvest the number and weight of fruits were evaluated per plot, using an electronic scale accurate to 0.1 g. The data were subjected to variance analysis. The averages for the cultivars were compared by Tukey test at 5% probability, and the averages for the growing systems by F-test at the same level of significance. 
RESULTS AND DISCUSSION
In all the cultivars under test, both for the gutter system and for the grow bag system, harvests started in the 6 th week of cultivation (43 DAT), and even though it varied greatly, fruit production did not cease during the study period (Figures 1 and 2 ). This demonstrates the precocity and the possibility of producing strawberries throughout the year under the climatic conditions of the Serra da Ibiapaba, CE.
In the traditional strawberry growing regions in the South and Southeast of Brazil, the harvest begins between 60 and 80 days after transplanting the seedlings, depending on the climatic conditions, the type of soil, cultivation practices, method of seedling production and the cultivar (EMPRESA BRASILEIRA DE PESQUISA AGROPECUÁRIA, 2005) . In some studies with the Camarosa, Festival and Oso Grande cultivars in the state of Rio Grande do Sul (RS), harvests began 90 to 120 days after transplanting the seedlings (CANSIAN et al., 2002; ROCHA, 2011) , due to the climatic conditions and low temperatures in the region. It can be seen in Figures 1 and 2 that up to the 20th week of cultivation, the Festival and Oso Grande cultivars had higher fruit production than the other cultivars. From the 21st week of cultivation, the differences in production between the four cultivars were minimal. For the Festival and Oso Grande cultivars, peak production occurred between the 15th and 19th week of cultivation, while for the Camarosa and Albion cultivars, the period of greatest production occurred between the 17th and 20th weeks. After the first peak in production, smaller peaks were recorded every 10 weeks on average. Similar behaviour for the occurrence of peak strawberry production has been observed in other regions by Cansian et al. (2002) and Fernandes-Júnior et al. (2002) .
Fruit production and quality in the strawberry are influenced by the interaction between photoperiod and temperature. Short-day cultivars, such as Oso Grande, Camarosa and Festival, begin flowering under conditions of a short photoperiod (usually less than 12 hours) and low temperatures. The day-neutral cultivars, such as Albion, are not dependent on the length of the day to initiate flowering, which even takes place during the summer. (EMPRESA BRASILEIRA DE PESQUISA AGROPECUÁRIA, 2005).
The short-day cultivars under high-temperature conditions and long days, present greater vegetative growth at the expense of reproductive growth. Because of this, in the South and Southeast of Brazil the supply of fruit on the market is less from November until the beginning of winter. In contrast, day-neutral cultivars give increased production during the warmer periods of the year, as they are less sensitive to the stimuli that the photoperiod and temperature have on the production of stolons, and can thus extend their fruiting period (STRASSBURGER et al., 2010) .
Temperature is the main climate variable to affect the strawberry plant, changing its vegetative and reproductive behaviour. Under high-temperature conditions, flowering ceases and the strawberry tends to reproduce by vegetative growth, accelerating the production of a large numbers of stolons (ALMEIDA et al., 2009) . According to Ledesma, Nakata and Sugiyama (2008) , the optimum temperature range for the development of the strawberry varies from 10 to 26 °C. Stress conditions such as extreme temperatures, water deficit and low solar radiation or deficient pollination are decisive factors in floral abscission and consequently in reducing the number of fruit.
During the experiment, sunshine at the site ranged from 11 to 12 hours per day. From July 2012 to May 2012, the maximum temperatures under the plastic tunnel were favourable to the crop, not exceeding 28 °C. After the end of the rainy season (from August 2012), the maximum daily temperature ranged from 31.1 to 32.2 °C. It is probable that the fall in production of the strawberry cultivars from the 20th week of cultivation (October 2012) is associated with the increase in temperatures that occurred from August 2012. According to Antunes et al. (2006) , it takes about 40 days from the appearance of the flower buds to harvesting the fruit, for the Oso Grande cultivar. Table 2 shows the results of variance analysis of the production data. There were significant differences between the hydroponic growing systems for the variables yield per plant and average fruit weight. Differences, significant to 1% probability, were observed between the strawberry cultivars for all variables. For the interaction between growing system and cultivar, significant differences were observed only for the variable of yield per plant.
The Albion and Camarosa cultivars presented lower yields (g m -2 ) than the Oso Grande and Festival cultivars under both hydroponic systems (Table 3 ). The Festival cultivar was superior to the others under the gutter system, followed by Oso Grande. Under the grow bag system however, there was no significant difference between those two cultivars and both were superior to cultivars Camarosa and Albion.
Comparing yield for the four cultivars under the two growing systems, only the Festival cultivar displayed a significant difference, with a higher average yield under the gutter system in relation to the grow bags. For the other cultivars, no significant differences in yield between the two systems were detected.
The Camarosa cultivar is one of the most planted in southern Brazil (OLIVEIRA; FINKENAUER, 2008) , while in the rest of the country Oso Grande is of greater economic importance (ANTUNES; REISSER JÚNIOR, 2007). In the Ibiapaba region, the Table 2 -Mean squares and significance levels from variance analysis of the data ** Significant at a level of 1% probability (p<0.01). * Significant at a level of 5% probability (0.01<p<0.05). ns: not significant at a level of 1% probability (p>0.05) Oso Grande cultivar is preferred by farmers as it is one of the most disease-resistant, producing fruit of a size and appearance suitable for the fresh-fruit market.
Source of Variation DF ---------------------------------Mean Square------------------------------------
The yield achieved in this study with the Festival and Oso Grande cultivars is comparable with those obtained in Europe under hydroponic systems using substrates, which according to Gimenez, Andriolo and Godoi (2008) , range from 5 to 10 kg m -2 . According to Paranjpe et al. (2003) , in Florida, the use of protected-cultivation technology, together with selected cultivars, appropriate cultivation methods and integrated pest and disease management, allow to achieve yields of 7 to 9 kg m -2 .
As regards the other studies conducted in Brazil; the maximum yield obtained in this study (7.4 kg m -2 for the Festival cultivar under the gutter system) was higher than those obtained for crops grown in the ground in southern Brazil by Virmond and Resende (2006) (5.5 and 5.7 kg m -2 for the Oso Grande and Camarosa cultivars respectively) and by Cansian et al. (2002) (1.8 to 2.6 kg m -2 for the Oso Grande and Camarosa cultivars respectively). In the state of Paraná (PR), Resende et al. (2010) observed no significant differences in yield between the Camarosa and Oso Grande cultivars, obtaining yields of 5.7 and 5.5 kg m -2 respectively. In an open hydroponics system using grow bags containing commercial organic substrate, Andriolo, Boemo and Bonini (2002) The yield per plant under the hydroponic gutter system was significantly higher than that obtained with the grow bags (Table 4 ). These differences are probably due to the lower plant density in the gutters in relation to the grow bags.
Using closed hydroponic systems with a commercial substrate, Godoi et al. (2009) obtained greater yield per plant in grow bags in relation to cultivation in gutters. Under both systems the authors used a planting Means followed by the same lowercase letters in a column do not differ by Tukey test at a level of 5% probability and those followed by uppercase letters on a line do not differ by F-test at the same level of probability Means followed by the same lowercase letters in a column do not differ by Tukey test at a level of 5% probability and those followed by uppercase letters on a line do not differ by F-test at the same level of probability density of 12 plants m -2 . In the present study, the planting densities were 13 plants m -2 for cultivation in grow bags and 10 plants m -2 for the gutters.
The Festival cultivar presented the highest yield per plant followed by the Oso Grande cultivar. The Albion and Camarosa cultivars did not adapt adequately to the climate of the Ibiapaba region with significantly lower yields per plant than the other cultivars. These results are in contrast with those obtained by Oliveira, Scivittaro and Rocha (2011) for ground cultivation in the region of Pelotas RS, where the Camarosa cultivar showed higher yield per plant than did the Festival cultivar (1,156 and 774 g plant -1 respectively).
Studying the interaction between growing system and cultivar, it was found that under the gutter system, except for the Camarosa cultivar, significantly higher averages were obtained in relation to the grow bag system for the variable of yield per plant (Table 4) . Even without this significant difference the Camarosa cultivar also performed better under the gutter system.
The maximum yield per plant obtained in the present study with the Festival cultivar grown in gutters (1,407 g plant -1 ), was higher than those obtained by Godoi et al. (2009) In practice, a yield of 300 g plant -1 is considered as being the threshold for economic viability for strawberries grown in the soil (OLIVEIRA; . For the grow bag system, Bortolozzo et al. (2007) consider an average yield of 1,200 g plant -1 as satisfactory.
The gutter system presented fruits of greater weight compared to the grow bag system (Table 5 ). This can be attributed to the lower plant density used in the gutter system. The Oso Grande cultivar presented fruits of significantly greater weight than the other cultivars, followed by Albion and Festival. The Camarosa cultivar, despite appearing to have greater vigour in relation to the other cultivars, produced fruits of lesser weight.
The fruit in this study presented lower values for average weight than those obtained for the same cultivars in the South and Southeast of Brazil. Virmond and Resende (2006) obtained values for average fruit weight with the Oso Grande and Camarosa cultivars, grown in the soil, of 13.8 and 14.7 g respectively in the state of Paraná. Resende et al. (2010) obtained values for average weight of 16.5 and 16.3 g respectively in the Camarosa and Oso Grande cultivars also grown in the soil in Paraná. Oliveira, Scivittaro and Rocha (2011) got fruit with an average weight of 27.9 and 24.9 g with the Camarosa and Festival cultivars respectively in Pelotas, RS. However, Camargo et al. (2010) obtained fruit from the Oso Grande cultivar with an average weight of only 8.78 g when grown in the soil in Guarapuava, PR.
Such behaviour with respect to the fruit size (weight) may be related to adaptation by the cultivars to the climatic characteristics of the region. According to Conti, Minami and Tavares (2002) , a complex interaction between temperature and length of day determine production performance and fruit quality in strawberry cultivars in any given producing region. In view of this, when a cultivar has been selected for a given physiographic region and planted in another, it is unlikely to have a high yield of quality fruit. The authors evaluated five strawberry cultivars in regions of mild climate (Atibaia, São Paulo) and hot climate Production of strawberry cultivars in closed hydroponic systems and coconut fibre substrate Means followed by the same lowercase letters in a column do not differ by Tukey test at a level of 5% probability and those followed by uppercase letters on a line do not differ by F-test at the same level of probability (Piracicaba, São Paulo), and concluded that there was greater fruit production, with greater average fruit weight, in the region of mild climate.
Analysing the variations in fruit weight throughout the cycle of the strawberry (Figures 3 and 4) , it can be seen that the fruit reached its greatest average weight between the ninth and twelfth week after the seedlings were transplanted. From then on there was a reduction in fruit size for all cultivars and growing systems. The Oso Grande and Albion cultivars produced fruit of greater weight compared to the other cultivars for almost the whole crop cycle.
It is likely that the reduction in fruit weight from August 2012 is related to an increase in temperature. According to Ledesma, Nakata and Sugiyama (2008) , temperatures above 30 °C may cause a reduction in the size and weight of fruits in the strawberry. Comparing the yield of strawberry cultivars under different temperature conditions, the authors observed that the number of inflorescences, the number of fruits and the average fruit weight were all significantly lower when the day/night temperature ratio was 30/25 °C compared to 23/18 °C.
Another likely cause of the drop in production and average fruit weight of the strawberry concerns an attack by mites from October 2012 which, because of the hot, dry climate, proved difficult to control.
The established marketing threshold for extratype strawberries is 14 g (OLIVEIRA; . In the present study, higher averages than 14 g per fruit were obtained until the 17th week of growth only, and mainly with the Oso Grande and Albion cultivars. According to Strassburger et al. (2010) , the main difficulties faced by farmers in producing strawberries outside the traditional growing season, are in obtaining adequate yield and harvesting fruits of a satisfactory size. and 98 L plant -1 for the systems of gutters and grow bags respectively. Average values for water use efficiency of 8.7 and 6.8 g fruit per litre of nutrient solution consumed were observed for the gutters and grow bags systems respectively. These values for water use efficiency are higher than those observed by Kirschbaum et al. (2004) for cultivation in the soil (4.0 to 4.5 g L -1 ).
It is noteworthy that closed hydroponic systems, such as used in this study, exhibit reductions in water and fertilizer consumption that can vary from 20 to 50% compared to open hydroponic systems, since with the latter an excess of nutrient solution of the order of 20 to 50% is applied to control the salinity of the substrate (LIETEN et al., 2004) . If this excess is not used for other crops, there is a reduction in the efficient use of water and nutrients with pollution of the soil and groundwater, which is why some countries have banned the use of open soilless growing systems.
CONCLUSIONS
1. Closed hydroponic systems of gutters and grow bags present similar and satisfactory strawberry yields, with advantages over open systems, such as the savings in water and fertiliser and less environmental impact;
2. Of the strawberry cultivars evaluated, the most productive under the climatic conditions of the Serra da Ibiapaba, CE, is the cultivar Festival, followed by Oso Grande; the cultivars having greater fruit mass are Oso Grande and Albion;
3. The Ibiapaba region displays favourable conditions for strawberry production in terms of precocity and continuous production throughout the year, however there is a need to test new cultivars and to improve the growing system, with a view to producing larger fruit.
